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As to the advanced, future plasma source in 
negative NBI required for DEMO reactors, one of the 
critical issues is easier plasma production by an RF wave 
such as a helicon wave [1] with a high stability, high 
plasma density and high ionization. It is also important to 
develop a small plasma source for unitization. In addition, 
a low magnetic field operation is desirable due to the 
small effect on the ion source as well as the small 
necessary power supply and light weight. 
The present objective is to develop and characterize 
a very small diameter, high-density, helicon plasma 
source with a relatively low magnetic field by the use of 
the helicon wave scheme, aiming at the realization of the 
development of the negative NBI (unitization). Therefore, 
optimization of the helicon sources and the hydrogen gas 
operation is also important after the source development. 
We have developed the Small Helicon Device 
(SHD) [2-4]: A stainless steel vacuum chamber has an 
inner diameter of 16.5 cm with an axial length of 86.5 cm, 
which is evacuated by a turbomolecular pump with a 
pumping speed of 200 l/s (base pressure is < 10-4 Pa). Two 
sets of magnetic field coils, made by ourselves, have 
windings of ~ 400 turns each, and can supply up to 0.086 
T each for 30 A coil current. A diameter of plasma source 
part (quartz tube) can be easily changed, and a mass flow 
controller up (to 30 sccm) is installed (working gas is 
typically argon). Here, we have tried a helicon plasma 
production using a wide range of RF excitation frequency 
(7, 12, 50 and 70 MHz with an input power of less than 1 
kW), considering the helicon wave dispersion relation and 
other production schemes. Here, a two-loop antenna was 
used. Plasma parameters were measured by Langmuir 
probes, and plasma light emissions are monitored by two 
monochromators. 
In the case of 0.5-2 cm inner diameter tube, which 
is the smallest helicon source in the world, we could 
obtain the electron density of 1018-1019 m-3 in an 
excitation frequency range of 7-60 MHz (argon plasma) 
[2-4]. Next, we have investigated the density dependence 
on the RF power, changing gas species, as shown in Fig. 1. 
Here, the plasma diameter was 2 cm with a mass flow rate 
of 20 sccm and coil current of 20 A. For the argon 
discharges, it was possible to obtain the density of 1019 
m-3, but lower than 1018 m-3 for helium and hydrogen 
discharges partly due to the higher ionization potentials 
than argon. From the Mach probe measurements, the 
maximum axial velocities were ~ 2, ~ 10 and ~ 30 km/s 
for argon, helium and hydrogen discharges, respectively.  
In conclusion, we have succeeded in the smallest 
diameter (down to 0.5 cm) plasma production with the 
electron density (1017-1019 m-3), using the newly 
developed device SHD. Changing the gas species on 
plasma performance was also tried. We will continue these 
studies to be applied to the real ion source requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) S. Shinohara: Jpn. J. Appl. Phys. 36 (1997) 4695. 
(Review Paper): S. Shinohara: J. Plasma Fusion Res. 
78 (2002) 5. (Review Paper): BUTSURI 64 (2009) 
619. (Review Paper) 
2)  S. Shinohara et al.: Trans. Fusion Sci. Technol. 63 
(2013) 164. 
3) D. Kuwahara, A. Mishio, T. Nakagawa and S. 
Shinohara: Rev. Sci. Instrum. 84 (2013) 103502.  
4)  T. Nakagawa, S. Shinohara, D. Kuwahara and A. 
Mishio: JPS Proc. 1 (2014) 015022. 
Fig. 1. Dependence of electron density on RF power, 
changing gas species. 
 
 
Hydrogen negative ion (H-) sources have been 
utilized as beam sources of Neutral Beam Injection (NBI) 
systems. More efficient sources have been required to 
obtain higher heating ability for plasma with NBI. 
Tandem type negative ion source is generally adapted to 
this application, whose ion source plasma has two kinds 
of electron temperature regions separated by filter 
magnetic field to improve H- yield. In high power sources, 
another magnetic field is utilized to reduce heat load of 
extraction electrodes by irradiation of electron beams 
extracted together with H- ions. The electron suppression 
magnets embedded into plasma electrodes realize lower 
electron beam current by reduction of electron density 
near the extraction hole. However, it also changes H- 
extraction performance due to influence on spatial 
distribution of plasma parameters and H- ions near the 
hole. To understand the influence for development of 
higher efficient sources, we study role of magnetic field 
on H- extractions changing conditions of two kinds of 
magnets with experimental and numerical approaches.  
In experiment, we use a test stand having a 
small ion source whose apparatus is shown in Fig. 1. The 
ion source chamber is cylindrical shape with 9 cm 
diameter and 11 cm height. H- ions are extracted from a 
single aperture located at center of a plasma electrode. 
Filter magnetic field is formed in perpendicular direction 
to a center axis of the source by a pair of permanent 
magnets attached on sidewall of the chamber. Strength of 
the filter field is about 95 Gauss at a beam extraction hole. 
Meanwhile, our current experimental system does not 
have electron suppression magnets. We will install 
permanent magnets onto surface of an extraction 
electrode, which is located downstream of the plasma 
electrode, to reasonably simulate effect of the magnets, 
because our plasma electrode is too thin to embed it. 
Measurements of two kinds of photodetachment methods 
whose detectors are a Langmuir probe and a Faraday cup 
are used to estimate local H- extraction probability from 
the ion source1) changing these magnetic field conditions. 
The experimental results are analyzed by 2D3V 
Particle-In-Cell (PIC) simulation. Collisions between 
particles and cesiated effect are not taken into account in 
the present code.  
In this year, we carry out PIC calculation to 
obtain favorable layout of the electron suppression 
magnet as preparation of experiments in next year. Vector 
field in Fig. 2 shows influence of the suppression magnets 
in the x-z directions, whose strength at the plasma 
electrode surface is about 300 Gauss as maximum value. 
A contour plot of electron density is superimposed to the 
field in the figure. We can see that electrons concentrate 
along the magnetic field lines. Meanwhile, lower electron 
density is observed in weak magnetic field region 
includes front of the extraction hole. We confirmed the 
magnets in this layout enable to reduce electron density 
due to effectively work as the suppression field. We will 
carry out experiments with the magnetic layout in next 
year to understand influence of the suppression magnets 
on H- extraction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Experimental setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Magnetic field represented with vector field and a 
contour plot of electron density in x-z plane 
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